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ABSTRACT 

Jack mackerel (Trachurus japonicus) is one of the most 
important fish resources in the northeastern Taiwan.  Because 
of the flourishing of Taiwanese seiner fisheries in recent years, 
the proportion and catch of jack mackerels have increased.  
However, the studies on their age and growth are outdated, 
thus data on the catch-at-age composition are lacking.  The 
present study collected jack mackerel otolith samples from 
May, 2010, to April, 2011, for age determination and com-
bined those data with length and weight data from 2005 to 
January, 2012, to investigate the catch-at-age of jack mackerel 
in the northeastern waters off Taiwan.  The regression equa-
tions for fork length (FL) and body weight (BW) of jack 
mackerel were significantly different between females and 
males (p < 0.05).  The equations were BW = 3.6 × 10-2 × 
FL2.6771 for females and BW = 3.2 × 10-2 × FL2.7108 for males.  
The formation of opaque zones was used as the standard for 
ring calculation.  Ring formation occurred once every year 
during January and February regardless of sex.  The obtained 
ages and corresponding FL data were introduced into the von 
Bertalanffy growth function showing that the maximum FL 
was 40.4 cm with growth coefficient of 0.223 yr-1.  The jack 
mackerel catch in the northeastern waters off Taiwan were the 
age-0 (39%) and age-1 (38%), with high proportion of im-
mature fish. 

I. INTRODUCTION 

Jack mackerel (Trachurus japonicus) is a fish species with a 
narrow distribution area, specifically the northwestern Pacific 

Ocean waters off Taiwan, and the coastal waters surrounding 
China, Japan, and the Korean Peninsula.  There are 22 genera 
and 54 species of Carangidae in the waters off Taiwan, but 
there is only one Trachurus genus found in Taiwan [16].  The 
ecological habits of jack mackerel are swimming in schools in 
coastal waters, a diel vertical distribution and a diet of cope-
pods (Copepoda), larvae, and small crustaceans [34]. 

Mackerel and carangid fishery is the largest coastal fishery 
in northeastern Taiwan, and the catches are primarily blue 
mackerel (Scomber australasicus), chub mackerel (Scomber 
japonicas), jack mackerel (Trachurus japonicus), brown- 
striped mackerel (Decapterus maruadsi), shortfin scad (De-
capterus macrosoma), and redtail scad (Decapterus kurroides).  
The catch of jack mackerels is the highest among the Caran-
gidae, accounting for more than 40% of the Carangidae caught.  
The annual catch statistics of Taiwan officially separated jack 
mackerels from Carangidae to perform independent itemized 
statistics.  The average catch of jack mackerel between 1989 
and 1994 was only approximately 300 tons.  The catch of  
jack mackerel gradually increased from 1995 and reached 
7,942 tons in 2003; currently, the annual catch is maintained  
at the level of 5,000 tons.  The fishing methods for jack 
mackerel include the Japanese seine, Taiwanese seine, trawler, 
set net, pair seine, gill net, pole and line, and long line.   The 
Taiwanese seine has gradually flourished in recent years, and 
its catch reached 40,000 tons in 2008; therefore, the Taiwanese 
seine has gradually replaced the large purse seine (Japanese 
seine) [18].  Because the Taiwanese seine has the advantages 
of higher agility, vessel miniaturization, and rapid operation 
and requires fewer labor resources, the boats increased from 2 
in 2001 to 34 to 2010.  The catch of jack mackerel exhibits an 
increasing trend, and its proportion in the catch is five times 
higher than in the Japanese seine [37].  Because jack mackerel 
resources are increasingly important, management and re-
source assessment of this species demand immediate actions. 

Studies in Japan have shown that jack mackerel is divided 
into the Pacific Ocean group and the Tsushima warm current 
stocks.  The latter extends from Japanese waters to the south-
ern East China Sea (ECS), which is closely associated with 
Taiwan.  There are many studies on the reproduction and 
ecology of jack mackerel in Japan.  The related studies note 
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that the depth of the spawning ground of jack mackerel is 
100-200 m, the suitable water temperature for the spawning 
parent fish is 15-25°C, and the suitable hatching temperature is 
18-24°C [25, 41].  During the spawning seasons, the spawning 
ground of the peak period during January and March is in the 
southwest (west of 125°E longitude and south of 30°N latitude) 
and central (30°N latitude) ECS.  The spawning ground then 
gradually moves northward to the northwest waters off Kyu-
shu and the surrounding waters of Tsushima during April and 
May and to the southern waters off South Korea during July 
and August [9].  However, some scholars also note that the 
earliest spawning ground is approximately 28° north latitude 
in the ECS [30, 31].  For age and growth, many scholars use 
age characters such as otolith, scale, and urohyal to understand 
the growth characteristics of jack mackerels [15, 19, 21-23].  
The study of Nakajima (1982) [22] noted that the fork length 
of age-1 jack mackerels of the northern Kyushu was 16.6 cm 
and the fork length of age-2 jack mackerels was 23.1 cm; the 
report of Nishida and Hasegawa (1994) [23] noted that the 
fork length of age-4 jack mackerels in the eastern Sea of Japan 
was comparable to the fork length of age-3 jack mackerels in 
the central ECS and northern Kyushu, indicating that different 
areas cause changes in the growth of jack mackerels. 

Taiwan is located in the southernmost end of the spawning 
ground of jack mackerels.  Some scholars have proposed that 
larval jack mackerels are transported through Kuroshio to the 
western Pacific Ocean and the waters surrounding Kyushu, 
Japan [14, 30].  However, there is no conclusive evidence 
showing that the jack mackerels around Taiwan belong to the 
same stock in the Tsushima warm current and/or the western 
Pacific Ocean.  The jack mackerel resource condition in the 
northeastern waters off Taiwan is very important, but studies 
about jack mackerels are quite rare.  In studies of their re-
productive period, Lin (1994) [16] collected jack mackerel 
samples of trawler catches from Da-xi and Yi-lan to study their 
parasites and speculated that the period of greatest gonad 
maturity occurred when they were 2 or 3 months old.  Wu 
(2010) [39] used a gonadosomatic index (GSI) and gonadal 
section observations to estimate that the peak spawning period 
of jack mackerels was at the age of 3-5 months and the mature 
fork length was 18.9 cm.  In related studies on their age and 
growth, only Yang (1960) [40] collected scales from 40 jack 
mackerel samples from fish markets in Keelung to perform 
age and growth studies and obtained the growth equation of 
FL = 41.8[1-e-0.265(t+1.557)].  Therefore, studies on jack mack-
erels have been insufficient, especially from the age and 
growth perspective.  The existing growth parameters in the 
literature are outdated, and the sample size is too small.  Thus, 
it is necessary to investigate the current growth characteristics 
of jack mackerels using different characters to establish a 
growth equation that is suitable for the current resource status. 

An otolith is a crystal formed by biomineralization; its main 
components are calcium carbonate, organic substances, and 
trace elements [8, 36, 43].  Most cartilaginous fish have three 
pairs of otoliths, the sagittae, lapilli, and asterisci.  The growth 

rate of these three pairs of otoliths changes when the devel-
opmental stage changes.  The sagittae are the largest (Pannella, 
1971) and are easy to be observed; therefore, they are usually 
used for age determination in fish [5, 28].  Jack mackerel 
otoliths exhibit a long oval shape; the rostrum is obvious, and 
the sulcus extends to the ventral side.  Most studies on age 
determination usually employ scales and otoliths.  Because 
otoliths have the advantages of continuous growth and are less 
likely to be reabsorbed by fish, they have been used by an 
increasing number of scholars [6, 13]. 

Jack mackerel is an important fish resource in Japan, South 
Korea, and China.  Japan has the largest production of jack 
mackerels since 1950; the maximum production was 527,000 
tons, and the annual average is 236,000 tons.  The catch in 
2007 in China also reached 186,000 tons; thus, the economic 
value of jack mackerel cannot be underestimated.  The north-
ern waters off Taiwan may also be the southernmost spawning 
ground for jack mackerel [41], the ecological status of this 
area cannot be ignored.  The increasing development of the 
Taiwanese seine in recent years has increased the catch and 
proportion of jack mackerel.  Therefore, it is urgent to perform 
in-depth studies on this species.  However, the reports on age 
and growth in Taiwan are outdated; thus, data on the catch- 
at-age composition are lacking.  Therefore, the present study 
investigated the age and growth characteristics of jack mack-
erel to assist resource assessment and the management of jack 
mackerel populations.  The purposes of the present study were 
as follows: (1) use the otolith rings to estimate the age and 
growth of jack mackerels; and (2) estimate the catch-at-age 
composition of jack mackerel in Taiwanese seine and trawler 
catches. 

II. MATERIALS AND METHOD 

1. Data Source and Biological Experiments 

During May, 2010, and January, 2012, jack mackerel sam-
ples from Taiwanese seine and trawler catches in the north-
eastern waters off Taiwan were collected once or twice each 
month in the Ba-dou-zi Fishing Harbor of Keelung and the 
Ao-di Fishing harbor and the Da-xi Harbor of Yi-lan.  A total 
of 423 jack mackerel otolith samples were collected, including 
227 female samples and 205 male samples.  In addition, the 
fork lengths and body weights of the jack mackerels during 
December, 2005, and April, 2007, and during March, 2009, 
and April, 2010, were measured, which included 6,709 sam-
ples from Taiwanese seine catches and 4,045 samples from 
trawler catches, with a total of 10,754 samples. 

1) Preliminary Processing of Samples and Basic Measurement 

The samples were brought back to the laboratory after col-
lection.  The fork length (FL) and body weight (BW) were 
measured to an accuracy of 0.1 cm and 1 g, respectively, and 
the gender of the samples was determined.  The samples were 
numbered, and the results were recorded accordingly.  After 
measurement, the bone above the fish’s heads was cut off, and  
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Fig. 1. The location of the collection of jack mackerel samples (shaded 

area: Taiwanese seine sampling area; asterisk: trawler sampling 
area). 

 
 

the pair of sagittae was removed using forceps (Fig. 1).  After 
the attached tissues were removed, the sample was placed in a 
plastic tube containing deionized water to soften and detach 
the remaining tissues for subsequent otolith treatment. 

2) Otolith Sample Treatment and Observation 

- Cleaning 

All otoliths were washed and cleaned using deionized water 
and baked in a 50°C oven for 5-6 hours to ensure that they 
contained no residual water.  If there was any tissue on the 
surface of otoliths, the otoliths were then washed with 5% 
H2O2, followed by rinsing with deionized water to remove any 
residual H2O2. 

- Embedding 

After drying, the left otolith was uniformly used for ex-
periments.  The otolith weight (OW) was measured to an ac-
curacy of 0.001 g; the appearance of the otolith was verti- 
cally photographed using a camera (Canon 50D, Japan) with  
a stand.  The otolith length (OL) was then measured using 
Image J imaging analysis software (Fig. 2).  After the data 
were recorded, the groove of the embedding board was filled 
with embedding medium composed of thoroughly mixed 
epoxy (Epofix kit, Strues) and hardener (25:3 w/w), and then 
the otolith was placed on the bottom of the groove of the 
embedding board with the internal face of the otolith facing 
downward.  The bubbles in the embedding medium were 
removed using forceps to prevent interference in the sub- 
sequent observation.  Finally, the embedding board was in-
cubated at room temperature for 1-2 days until the epoxy 
hardened.  After confirming that the sample had dried, the 
sample was placed in a plastic box according its labeling 
number for subsequent experiments. 

(b)(a)

(c) 

opaque zone hyaline zone

1 mm

Ventral

R Sulcus (medial groove)

Dorsal

1 mm

Otolith length

 
Fig. 2. The measurement of (a) the otolith length, (b) the hyaline zone 

and opaque zone of an otolith section, and (c) the otolith radius of 
jack mackerels. 

 

- Sectioning and grinding 

The otolith core was first labeled, and a slow-speed cutting 
machine (Buehler isomet low speed saw) was used to cut a 
0.5~1 mm transverse plane.  The obtained sections were used 
for the second embedding to increase the thickness and  
facilitate the grinding operation.  Next, the sample was placed 
on a flat-disc grinder-polisher (Metaserv grinder-polisher, 
Buehler) and ground using P1200 and P2400 water sand- 
papers; the grinding was observed using a microscope until the 
light and dark bands of the rings could be clearly discriminated.  
The surface of the sample was then polished using flannel and 
0.05 µm Al2O3 to eliminate scratches caused by grinding and 
to make the interpretation smoother. 

- Observation 

The appearance of the otoliths was photographed using a 
microscope (Olympus BX-51, Japan) connected to an exter- 
nal camera (Canon G12, Japan).  The photos were stored and 
the otolith radius was measured using imaging analysis and 
processing software.  To ensure the accuracy of the ring in-
terpretation, one otolith sample was judged by three ring  
interpreters; the dark band (opaque zone) was used as the 
standard for the ring marks (Fig. 2).  If the results of the ring 
interpretation by more than two people were the same, then  
the sample was used.  The same number of rings from more 
than two interpreters was used as the number of rings.  If the 
ring interpretation results of the three people were different 
then the sample was discarded [1, 33].  For the measurement 
of otolith radius, there were clearer and visible rings along  
the ventral side of the sulcus of the otolith sections of jack 
mackerels (Anderson et al., 1992).  Thus, those rings were the 
best ring axis for the measurements in this study.  The meas-
urement from the otolith core to the inner edge of the dark 
band of the first ring was r1, the measurement from the core to 
the inner edge of the dark band of the second ring was r2, and 
so on; the measurement from the otolith core to the very outer 
edge was R (Fig. 2). 
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2. Data Analysis and Parameter Calculation 

1) Regression Relationship between Lengths and Weight of 
Fish and Otoliths 

The present study analyzed 10,754 jack mackerel samples 
including 3,286 female samples, 2,328 male samples, and 
5,140 samples of unknown gender or without examining the 
gonads.  The regression equation was obtained using the actual 
measurement results of the fork length and body weight.  The 
difference between females and males was then examined 
using the maximum likelihood ratio; if there was a significant 
difference, the data for the female and male samples were 
processed separately, otherwise the data were processed to-
gether.  A simple linear regression was also performed on fork 
length and otolith length and weight.  The differences in fork 
length, otolith length, and otolith weight between females and 
males were examined using analysis of covariance (ANCOVA) 
and the method of maximum likelihood. 

2) Error Analysis of Rings 

The results of the ring interpretations of the usable samples 
were used to calculate the degree of error of a single sample 
after repeated ring interpretations.  This study used an index of 
average percentage error (IAPE) and a coefficient of variation 
(CV) to analyze the degree of accuracy of the ring interpreta-
tion results [2]. 

3) Formation Period of Rings 

In addition to investigating the number of rings, the number 
of rings that were formed each year in the samples was also 
investigated.  This study used the marginal increment ratio 
(MIR) to analyze the period of ring formation [22, 27, 35] and 
used the calculated MIR of the samples in each month to 
analyze the monthly variations. 

4) Estimation of Parameters of the Growth Equation 

A growth equation is used to represent the condition of 
changes in age and body length of organisms over time.  The 
von Bertalanffy growth function (VBGF), which is often used 
in the study of the growth of bony fish, was used in this study 
to investigate the growth curve of jack mackerels.  The ages 
and corresponding fork lengths were introduced into the 
VBGF followed by a nonlinear regression analysis using the 
SAS statistical software to obtain the parameters of the growth 
equation. 

III. PROCESSING TECHNIQUES 

1. Relationship Equation between Fork Length and Body 
Weight 

The female-to-male ratio in the samples collected in this 
study was 1.4:1.  The regression relationship of fork length 
and body weight between female and male fish was analyzed, 
and results of the maximum likelihood method showed that 
there was a significant difference between female and male  

Female
BW = 3.6 × 10-2 × FL2.6771

(n = 3286, r2 = 0.96)

Male
BW = 3.2 × 10-2 × FL2.7108

(n = 2328, r2 = 0.97)

BW = 2.3 × 10-2 × FL2.8134

(n = 10754, r² = 0.97)
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Fig. 3. The regression relationship between fork length and body weight 

of jack mackerels for (a) females, (b) males, and (c) combined. 

 
 

fish (p < 0.05); therefore, the data for the different genders 
were processed separately.  The following relationship equa-
tions between fork length and body weight were obtained: 

Female fish:  
BW = 3.6 × 10-2 × FL2.6771 (n = 3,286, r2 = 0.96) (Fig. 3(a)) 
  (1) 

Male fish: 
BW = 3.2 × 10-2 × FL2.7108 (n = 2,328, r2 = 0.97) (Fig. 3(b)) 
  (2) 

Because samples with unknown genders accounted for 
nearly 50% of the total samples, the relationship equation 
when all individual data were combined was also obtained: 

BW = 2.3 × 10-2 × FL2.8134 (n = 10,754, r² = 0.97) (Fig.3(c)) 
  (3) 

2. Relationship Equation between Fork Length and  
Otolith Length and Weight 

The analysis of the linear regression relationship between 
the fork length and otolith length of jack mackerels was ana-
lyzed in this study, and the relationship equations for the fe-
male and male fish are shown below:  

Female fish: OL = 0.2504FL2.2731 (n = 260, r2 = 0.85) (4) 

Male fish: OL = 0.2305 FL2.7358 (n = 201, r2 = 0.88) (5) 

The ANCOVA results showed that there was no significant 
difference between female and male fish (p > 0.05); therefore, 
all data were combined for processing.  The regression equa-
tion was as follows: 

 OL = 0.2425 FL2.449 (n = 432, r2 = 0.88) (6) 
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Table 1. The relationship between the distribution of rings 
and fork lengths. 

number of ring mark FL (cm) 
0 1 2 3 4 5  

14 6      
15 20      
16 18 1     
17 9 2 1    
18 1 16 2    
19 1 21 12    
20  16 19    
21  9 11    
22  2 22    
23  3 23 3   
24   18 10   
25   14 14   
26   5 17 1  
27    13 4  
28    16 6  
29    2 15  
30    3 12  
31    3 8  
32     2 1 
n 55 70 127 81 48 1 

Mean 16.0945 19.79 22.5654 26.8383 29.7896 32.2 
SD 1.0802 1.39462 2.11999 1.88809 1.33914  
 
 
The fork length and otolith weight showed an exponential 

correlation.  The results of the maximum likelihood method 
showed that there was a significant difference between female 
and male fish (p < 0.05).  The equations are shown below: 

Female fish: OW = 3 × 10-5 × FL2.2546 (n = 227, r2 = 0.89) (7) 

Male fish: OW = 5 × 10-5 × FL2.0942 (n = 205, r2 = 0.91) (8) 

Otolith length and weight both had a positive correlation 
with fork length, indicating that otoliths grow with the growth 
of fish; therefore, the growth of jack mackerels can be inves-
tigated through otoliths. 

3. Analysis of Ring Interpretation 

The present study collected 432 otolith samples for ring 
interpretation.  Among the samples, 28 samples could not be 
properly interpreted due to improper treatment of the samples 
(6.5%); 22 samples were also discarded because the ring 
numbers from three interpretations were different (5.4%).  
Finally, 382 samples were successfully interpreted, which 
accounted for 88.4% of the samples.  The IAPE was 4.8%,  
and the CV was 6.6%.  The formation of opaque zones was 
used as the standard for ring calculation in the present study.  
The maximum ring number in the ring interpretation for  
female fish was 4 (FL = 32.0 cm), and the minimum was 0  
(FL = 14.7 cm); the maximum ring number for male fish was 5  

0

0.2

0.4

0.6

0.8

1

1.2

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month

Female

0

0.2

0.4

0.6

0.8

1

1.2

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month

Male

M
IR

M
IR

 
Fig. 4. The monthly variation of the marginal increment rate (MIR) of 

jack mackerel 

 
 

(FL = 32.4 cm), and the minimum was 0 (FL = 14.3 cm).  The 
average fork lengths of fish with 0 to 5 rings were 16.1 cm, 
19.8 cm, 22.6 cm, 26.8 cm, 29.8 cm, and 32.2 cm, respectively 
(Table 1). 

4. Analysis of Marginal Increment and Estimation of Age 

Fig. 4(a) shows the trend of monthly variation of MIR of 
female jack mackerels, which increased from 0.48 in May to a 
high value of 0.73 in December and then fell to a low point of 
0.44 in February of the next year before gradually increasing 
afterwards.  The marginal increment rates were closest to 0 in 
February regardless sex (Fig. 4(b)). 

Thus, it was estimated that a new ring was going to form at 
this time, and the cycle was once per year.  To estimate the 
ages of the actual samples, the ring formation cycle, ring in-
terpretation data, hatched date, and sample collection time 
were all considered.  According to the study of Wu (2010), the 
peak spawning period of jack mackerels in the northeastern 
waters off Taiwan is from March to May.  The present study 
set the hatched date of jack mackerels as March 1st; thus, the 
actual age of the first ring would be 0.91 (11 months).  In 
addition, the duration between the formation of the last ring 
and the capture time would also be considered; for example, if 
a sample was captured in August, then the age of this sample 
would be the observed ring age plus 0.5 (6 months). 

5. Growth Equation 

The obtained ages and corresponding fork length data were 
introduced into the growth equation to obtain the growth 
equations of females and males: 

Female fish: Lt = 39.2181[1-e-0.2351(t+1.5927)] (n = 191) (Fig. 5(a)) 
  (9) 
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Table 2. Estimation of relative fork lengths corresponding 
to ages using the von Bertalanffy growth function. 

Age (year) FL (cm) Growth rate (cm/year) 
1 17.92  
2 22.41 4.48 
3 26.00 3.59 
4 28.87 2.87 
5 31.17 2.30 
6 33.01 1.84 
7 34.49 1.47 
8 35.67 1.18 
9 36.61 0.94 
10 37.37 0.76 
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Fig. 5.  The von Bertalanffy growth function for male jack mackerels. 

 

Male fish: Lt = 41.6114[1-e-0.2112(t+1.6721)] (n = 191) (Fig. 5(b)) 
  (10) 

Examination using the maximum likelihood method 
showed that there was no significant difference between fe-
male and male fish (p > 0.05); therefore, all data were com-
bined to obtain the following equation: 

 Lt = 40.4031[1-e-0.2225(t+1.6346)] (n = 382) (Fig. 5(c)) (11) 

The above Eq. (11) was used to estimate the fork length at 
each age and yearly average growth rates as shown in Table 2.  
The results showed that the fork lengths of age-1, age-2, and 
age-5 jack mackerels were 17.9 cm, 22.4 cm, and 31.1 cm, 
respectively.  The growth rate in the first year after hatching 
was 4.48 cm/year, in the second year it was 3.59 cm/year, and 
it gradually decreased to 2.30 cm/year in the 5th year. 

6. Catch-at-Age Composition 

Table 3 showed the analysis estimating the catch-at-age 
composition in the Taiwanese seine and trawler catches.  The 
jack mackerels in the Taiwanese seine catches were mainly  

Table 3. Catch-at-age compositions of Taiwanese seine and 
trawler catches during December, 2005, and Jan-
uary, 2012. (TS = Taiwanese seine; TL = Trawler) 

Proportion (%) 
Year Fishing Gear 

age-0 age-1 age-2 age-3+ 
TS - - - - 

2005 (Dec) 
TL 32 0 62 6 
TS - - - - 

2006 (Jan-Dec) 
TL 33 13 7 47 
TS - - - - 

2007 (Jan-Apr) 
TL 17 19 9 55 
TS 28 47 18 7 

2009 (Mar-Dec) 
TL - - - - 
TS 47 37 8 7 

2010 (Jan-Dec) 
TL 72 7 7 14 
TS 31 53 13 3 

2011 (Jan-Dec) 
TL 33 37 20 10 
TS 4 82 14 0 

2012 (Jan) 
TL 4 87 8 1 
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Fig. 6. Monthly catch-at-age compositions of jack mackerels in Taiwan-

ese seine catches between 2009 and 2011. 
 
 

age-1 fish, which accounted for 44%; while age-0 fish ac-
counted for 37%.  The trawler catches were mainly age-0 fish, 
which accounted for 43%, while age-1 fish accounted for 26%.  
The proportions of age-2 fish in the Taiwanese seine and 
trawler catches were 18% and 30%, respectively.  When the 
monthly data were analyzed, there were a large amount of 
age-0 fish captured in Taiwanese seine catches between No-
vember and April (Fig. 6), while there were more age-1 fish 
between May and October, and there was a high proportion of 
age-2 and above jack mackerels captured between May and 
July.  When the yearly data were analyzed, there was a higher 
proportion of age-0 fish in 2010, which accounted for 46%, 
but there was a higher proportion of age-1 fish in 2011, which 
accounted for 52% (Fig. 7).  The monthly catch-at-age com-
position in the trawler catches showed that there was a higher 
proportion of age-0 fish in the catches between October and 
March, and there was a higher proportion of age-1 and age-2 
fish between April and August (Fig. 8).  The comparison of the 
catch-at-age data of jack mackerel in trawler catches between  
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Fig. 7. Variations in catch-at-age for jack mackerels in Taiwanese seine 

catches between 2009 and 2011. 
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Fig. 8. Monthly catch-at-age compositions of jack mackerels in trawler 

catches between May, 2010, and January, 2012. 
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Fig. 9. Catch-at-age compositions of jack mackerel in trawler catches in 

2006 and 2011. 
 
 
2006 and 2011 showed that the proportion of age-3 fish de-
creased significantly (Fig. 9). 

IV. DISCUSSION AND CONCLUSIION 

1. Formation of Otolith Rings and Age Determination 

To understand the errors in the interpretation of the results, 
the statistical results in the literature [6] from 131 reports 
showed that approximately 50% of studies used the combined 
average percentage error index and coefficient of variation 
together for the accuracy index of the age variable.  These 
reports also considered that an index and coefficient lower 
than 5.5% and 7.6%, respectively, was acceptable.  In this 

study, the average percentage error index of ring determination 
was 4.8%, and the coefficient of variation was 6.6% in the 
present study, both of which were within the acceptable range. 

Generally, there are several necessary conditions for the age 
variable.  For example, the increase in the variable should be 
positively correlated with the growth of the fish [11, 39].  The 
ring variable should increase with the growth of the fish, and 
the formation of ring should be periodic [10].  The results in 
the present study showed that both the length and weight of the 
otoliths of jack mackerels were positively correlated with fork 
length, and the rings were formed in a regular circle (Figs. 5 
and 6).  Therefore, otoliths can be used to determine age for 
jack mackerels.  For the formation of otolith rings, scholars 
have speculated that it might be associated with factors such as 
water temperature, feeding, reproduction, light exposure, 
metabolism, endocrine, and the environment [3, 20].  Ring 
formation in jack mackerel otoliths was first observed by 
Imaoka (1967) [12].  He observed the formation time of the 
hyaline and opaque zones in the sagittal plane of otoliths  
of jack mackerels from the western waters off Japan and  
found that the samples with opaque zones at the most outer 
edge of the otoliths were concentrated between February and 
April, which was similar to the reproductive period of jack 
mackerels.  According to the reports of Lin (1994) [16] and 
Wu (2010) [37], the reproductive period of jack mackerels  
in the northeastern waters off Taiwan is during January and 
May, which was also the ring formation period found in the 
present study (Fig. 4).  Observation of the ring radius of im-
mature jack mackerels (age-0 fish) also showed that the  
radius was also smaller during January and March. 

The monthly variation of the marginal increment rates was 
used to observe the frequency of otolith ring formation.  
However, samples from old fish might be difficult to interpret 
because the outer rings were too dense [6].  The samples in the 
present study were younger than 5 years old.  Therefore, the 
rings were easy to identify, and the chance of producing errors 
was small.  Using otoliths of jack mackerels as a variable 
showed that one ring was formed each year; which was con-
sistent with the results in the present study [22, 23].  The re-
sults in the present study showed that the value of marginal 
increment rate was the lowest in February; therefore, the ring 
formation period was consistently set on March 1st. 

2. Age and Growth Parameters 

The present study used the von Bertalanffy growth equation 
to show that the maximum fork length was 40.4 cm and the 
growth coefficient was 0.223 yr-1.  The maximum fork length 
was close to the largest fork length (38.3 cm) observed in the 
samples, indicating that the sampling error was small and the 
estimated parameters were reliable.  Using the equation to 
estimate maximum age proposed by Taylor (1958) [35], the 
maximum age of jack mackerels in the present study was 11.7 
years, which was close to the report by Novikov et al. (2002) 
[24] showing that the maximum age of jack mackerels was 12 
years.  With respect to the growth coefficient, Branstetter  
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Table 4.  Comparison of growth equation parameters of jack mackerels in this study and related studies. 

Authors Study Area L∞ K T0 

This study Northern Waters off Taiwan 40.4 0.22 -1.63 

Yang (1960 [40] Waters off Taiwan 41.8 0.27 -1.56 

Northern East China Sea 35.4 0.73 -0.07 Mitani and Ida (1964) [19] 

Japan Sea (northern Kyushu) 38.6 0.35 -0.60 

Central East China Sea 40.4 0.31 -0.75 Nakashima (1982) [22] 

Southern West China Sea 32.5 0.26 -1.47 

Nishida and Hasegawa (1994) [23] Japan Sea (Niigata) 38.1 0.28 -0.73 
 
 

(1987) [4] made the following classification: a growth coeffi-
cient between 0.05-0.10 yr-1 indicates a slow-growing species, 
between 0.10-0.20 yr-1 indicates a normal-growing species, 
and between 0.20-0.50 yr-1 indicates a fast-growing species.  
Jack mackerel and brown-striped mackerel [27], shortfin scad, 
and mackerel scad (Decapterus macarellus) [33] in adjacent 
waters are all fast-growing species. 

The same species of fish habitating in different habitats 
(water temperature, nutrient salts, baits, etc.) will cause dif-
ferences in the characteristics of reproduction and growth [7, 
19, 42].  Table 4 shows the comparison of the growth pa-
rameters between jack mackerels in the present study area and 
in other waters.  The parameter estimation results in studies 
using scales as the variable had large differences compared 
with other studies [19], and the growth coefficient might be 
overestimated.  Other scholars have estimated that the maxi-
mum fork length is between 32.5-41.8 cm and the growth 
coefficient is between 0.27-0.38 yr-1.  Comparison of the 
growth coefficients in the present study with other studies 
showed that the growth of jack mackerels in Japanese waters 
was faster.  In Japanese waters, the sea water temperature is 
lower, the basic productivity is higher, and the diets are richer; 
which may promote faster growth.  In addition, the impact of 
fishing may also cause environmental changes that change the 
growth patterns of fish species [29]. 

3. Catch-at-Age Composition and Fisheries Management 

Different fishing methods in the northeastern waters off 
Taiwan had different catch-at-age compositions of jack mack-
erel.  The proportion of jack mackerel in trawler catches was 
2.6 times the proportion in Taiwanese seine catches (Figs. 8 
and 9).  One possible reason is that the operational depth of a 
trawler is deeper than for a Taiwanese seine.  According to the 
study by Liu (2006) [17], the proportions of jack mackerel and 
blue mackerel in deep waters are larger than in shallow waters.  
Overall, the fork lengths of jack mackerels in the samples of 
the present study showed that age-0 fish accounted for 39% of 
the total sample in the catch from the northeastern waters off 
Taiwan.  On the other hand, the center of distribution of age-0 
jack mackerels in the ECS in winter moves southward because 
the edge of the continental shelf in the ECS is warmer and has 
better food conditions in winter [32, 38].  The present study 
also found that the proportion of age-0 fish was particularly  

Table 5. Monthly catch-at-age compositions between March, 
2009, and January, 2012. 

Proportion (%) 
Month 

age-0 age-1 age-2 age-3+ 
1 77 17 2 3 
2 42 37 11 10 
3 61 25 9 6 
4 58 20 7 15 
5 16 45 30 9 
6 8 41 32 19 
7 10 48 35 7 
8 3 63 16 18 
9 8 74 16 2 
10 22 56 12 9 
11 53 32 10 5 
12 68 26 5 1 

 
 

high at the transition between winter and spring (Table 5), 
indicating that the northeastern waters off Taiwan were the 
breeding field for larval jack mackerels in winter.  Further 
study is needed to confirm whether jack mackerels in this area 
really swim northward and finally join the Tsushima warm 
current group in Japan or if jack mackerels in this area belong 
to other stock groups because their age and growth character-
istics are different from those in Japanese waters. 

The report of Ohshimo et al. (2004) [26] noted that the uti-
lization of the jack mackerel resource in the Tsushima warm 
current group in Japan before 1945 was in the early devel-
opment stage, and the catches of jack mackerels in the ECS 
and Japanese waters were mostly below 10,000 tons.  The 
period between 1946 and 1966 was the development stage 
because of the development of new fishing grounds and the 
rise of the Japanese seine, and the fishing catches increased 
greatly.  The period between 1967 and 1980 was a recession 
period because of the high impacts of fishing: the parent stock 
decreased, the amount of recruitment decreased, and the  
jack mackerel catches decreased.  After 1982, the resources 
gradually recovered, leading to the restoration period.  The 
Japanese seine catches account for 80% of jack mackerel 
catches in Japan, and the average number of catches is be-
tween 2,000 and 3,000 million.  The catch-at-age composition 
is mainly age-0 and age-1 fish, and the proportion of fish 
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above 3 years old is low.  The average catches before 1994 in 
Taiwan were below 700 tons; after 1995, catches greatly in-
creased, possibly due to the increasing use of the Taiwanese 
seine.  The Taiwanese seine catches accounted for nearly  
70% of jack mackerel catches, and the average number of fish 
in each catch was approximately 30 million.  The catch-at-age 
composition was the same as in Japan, with most fish being 
age-0 and age-1.  However, the proportion of fish older than  
3 years old was higher in Japan.  Using the report of Wu  
(2010) [37] to estimate the fork length of jack mackerels at 
50% sex maturity in the waters of the present study showed 
that the fork length was 18.9 cm, and the estimation using the 
growth equation in the present study showed that the fish 
should have been 1.2 years old.  Therefore, it was estimated 
that over 35% of jack mackerels were captured before matu-
ration.  The high proportion of age-0 fish in the catches  
will have a negative impact on the amount of recruitment  
and close supervision is needed in the future.  Furthermore,  
in addition to jack mackerels, the catch compositions of 
mackerel and carangid fisheries in the northeastern waters off 
Taiwan are mainly blue mackerel, chub mackerel, brown- 
striped mackerel, shortfin scad, and redtail scad.  There are 
various fish species in these catches; thus, it is difficult to 
manage one single fish species.  Because there are high pro-
portions of blue mackerel and jack mackerel, these two species 
should be used as indicators for mackerel and carangid fish-
eries management. 

4. Conclusion 

The present study used otolith samples of jack mackerels as 
the variable for age determination and used cross-sections to 
interpret the rings and formation cycles.  The rings were 
formed once every year during January and February, and  
the formation period of the ring was associated with the re-
productive period.  Using the von Bertalanffy growth function, 
it was estimated that the maximum FL was 40.4 cm and the 
growth coefficient was 0.223 yr-1; the growth of jack mack-
erels in the northeastern waters off Taiwan was slower than  
in Japanese waters.  The increasing use of the Taiwanese seine 
in the northeastern waters off Taiwan has increased the catch 
and the proportion of jack mackerel, but the utilized jack 
mackerel are mainly age-0 (39%) and age-1 (38%), which are 
mostly at the immature stage.  To conserve the resources of 
parent fish, it is necessary to implement fishing moratorium 
measures during their spawning period or to implement re-
striction of fishing gear and method, as well as limits on the 
total number of catches to reduce the mortality of spawning 
and young fish. 

ACKNOWLEDGMENTS 

The authors would like to thank the Council of Agriculture 
(101 AST-11.1.2-F1(1)) and the National Science Council 
(NSC 101-2625-M-002-019) of the Republic of China (Tai-
wan) for supporting this study. 

REFERENCES 

1. Anderson, J., Morison, A., and Ray, D., “Validation of the use of 
thin-sectioned Otoliths for determining the age and growth of Golden 
Perch, Macquaria ambigua (Perciformes: Percichthyidae), in the Lower 
Murray-Darling Basin, Australia,” Marine and Freshwater Research, Vol. 
43, No. 5, pp. 1103-1128 (1992). 

2. Beamish, R. J. and Fournier, D. A., “A method for comparing the preci-
sion of a set of age determinations,” Canadian Journal of Fisheries and 
Aquatic Sciences, Vol. 38, No. 8, pp. 982-983 (1981). 

3. Beckman, D. W. and Wilson, C., “Seasonal timing of opaque zone for-
mation in fish otoliths,” Recent Developments in Fish Otolith Research, 
pp. 27-43 (1995). 

4. Branstetter, S., “Age, growth and reproductive biology of the silky shark, 
Carcharhinus falciformis, and the scalloped hammerhead, Sphyrna lewini, 
from the northwestern Gulf of Mexico,” Environmental Biology of Fishes, 
Vol. 19, No. 3, pp. 161-173 (1987). 

5. Cailliet, G. M., Andrews, A. H., Burton, E. J., Watters, D. L., Kline, D. E., 
and Ferry-Graham, L. A., “Age determination and validation studies of 
marine fishes: do deep-dwellers live longer?” Experimental Gerontology, 
Vol. 36, No. 4-6, pp. 739-764 (2001). 

6. Campana, S. E. and Thorrold, S. R., “Otoliths, increments, and elements: 
keys to a comprehensive understanding of fish populations?” Canadian 
Journal of Fisheries and Aquatic Sciences, Vol. 58, No. 1, pp. 30-38 (2001). 

7. Campana, S. E., Mohn, R. K., Smith, S. J., and Chouinard, G. A., “Spatial 
implications of a temperature-based growth model for Atlantic cod 
(Gadus morhua) off the eastern coast of Canada,” Canadian Journal of 
Fisheries and Aquatic Sciences, Vol. 53, No. 12, pp. 2912-2914 (1996). 

8. Degens, E. T., Deuser, W. G., and Haedrich, R. L., “Molecular structure 
and composition of fish otoliths,” Marine Biology, Vol. 2, No. 2, pp. 105- 
113 (1969). 

9. Hideyuki, H. and Nakashima, J., “Studies on structure of the population 
of jack mackerel, Trachurus japonicus, in the western seas of Japan-V,” 
Contributions from the Seikai Regional Fisheries Research Laboratory, 
Vol. 39, pp. 33-50 (1971). 

10. Hill, K. T., Cailliet, G. M., and Radtke, R. L., “A comparative analysis of 
growth zones in four calcified structures of Pacific blue marlin,” Makaira 
Nigricans Fishery Bulletin, Vol. 87, No. 4, pp. 829-843 (1989). 

11. Hunt, J. J., “Morphological characteristics of otoliths for selected fish in 
the Northwest Atlantic,” Journal of Northwest Atlantic fishery science, 
Vol. 13, pp. 63-75 (1992). 

12. Imaoka, I. L., “Ecological study on jack mackerel: about the formation 
time of otolith rings. Bulletin of Shimane Fishery Research Institute,”  
Vol. 2, pp. 1-9 (1967). 

13. Jennings, S., Kaiser, M. J., and Reynolds, J. D., Marine Fisheries Ecology, 
Wiley-Blackwell, UK (2001). 

14. Kasai, A., Komatsu, K., Sassa, C., and Konishi, Y., ”Transport and sur-
vival processes of eggs and larvae of jack mackerel Trachurus japonicus 
in the ECS,” Fisheries Science, Vol. 74, No. 1, pp. 8-18 (2008). 

15. Kim, W. S., Hiyama, Y., and Nose, Y., “Age and racial studies of Japanese 
jack mackerel-I. Age and growth as determined by urohyal,” Bulletin of 
the Japanese Society of Scientific Fisheries, Vol. 35, No. 2, pp. 178-186 
(1969). 

16. Lin, P. L., Taxonomical Studies on the Carangid Fishes (Carangidae) 
from the Waters around Taiwan, Master Dissertation, Institute of Marine 
Biology, National Taiwan Ocean University, Taiwan (1994). 

17. Liu, J. M., Fishery Acoustic Studies on Two Species Gathering of 
Scomber australasicus and Trachurus japonicus in the Waters off North-
eastern Taiwan, Ph.D. Dissertation, Institute of Oceanography, National 
Taiwan University, Taiwan (2006). 

18. Lu, K. H., Study on Constructing Fishery Sustainable Development 
System for Mackerel Purse Seine Fishery in Taiwan, Master Dissertation, 
Department of Environmental Biology and Fisheries Science, National 
Taiwan Ocean University, Taiwan (2005). 

19. Mitani, F. and Ida, E., “A study on the growth and age of the jack mack-
erel in the ECS,” Bulletin of the Japanese Society of Scientific Fisheries, 



40 Journal of Marine Science and Technology, Vol. 21, Suppl. (2013) 

 

Vol. 30, No. 12, pp. 968-977 (1964). 
20. Morales-Nin, B. and Panfili, J., “Seasonality in the deep sea and tropics 

revisited: what can otoliths tell us?” Marine and Freshwater Research, 
Vol. 56, No. 5, pp. 585-598 (2005). 

21. Murakami, S. and Shindo, S., “Studies on stocks of some economically 
important marine fishes caught Amakusa-V. A consideration on the age of 
Trachurus japonicas,” Bulletin of the Japanese Society of Scientific 
Fisheries, Vol. 15, No. 4, pp. 155-157 (1948). 

22. Nakashima, J., “On the growth and age of three populations of jack 
mackerel, Trachurus japonicus, in the western seas of Japan,” Contribu-
tions from the Seikai Regional Fisheries Research Laboratory, Vol. 57, pp. 
47-57 (1982). 

23. Nishida, H. and Hasegawa, S., “Age and growth of jack mackerel, Tra-
churus japonicus, spawning in the coastal waters along Niigata,” Bulletin 
of the Japan Sea National Fisheries Research Institute, Vol. 44, pp. 73-80 
(1994). 

24. Novikov, N. P., Sokolovsky, A. S., Sokolovskaya, T. G., and Yakovlev, 
Y.M., The fishes of Primorye, Far Eastern State Technical Fishing Uni-
versity, Vladivostok, Russia (2002). 

25. Ochiai, A., Mutsutani, K., and Umeda, S., “On the first year’s growth, 
maturity and artificial spawnin of cultured jack mackerel,” Bulletin of the 
Japanese Society of Scientific Fisheheries, Vol. 49, pp. 541-545 (1983). 

26. Ohshimo, S., Yoda, M., and Hiyama, Y., “Long-term changes in the 
reproductive characteristics of jack mackerel (Trachurus japonicus) in  
the ECS,” Bulletin of the Japanese Society of Fisheries Oceanography, 
Vol. 68, No. 4, pp. 245-252 (2004). 

27. Ohshimo, S., Yoda, M., Itasaka, N., Morinaga, N., and Ichimaru, T., “Age, 
growth and reproductive characteristics of round scad Decapterus ma-
ruadsi in the waters off west Kyushu, the ECS,” Fisheries Science, Vol. 
72, No. 4, pp. 855-859 (2006). 

28. Popper, A. N. and Coombs, S., “Auditory mechanisms in teleost fishes: 
significant variations in both hearing capabilities and auditory structures 
are found among species of bony fishes,” American Scientist, Vol. 68, No. 
4, pp. 429-440 (1980). 

29. Ricker, W. E., “Computation and interpretation of biological statistics of 
fish populations,” Fisheries and Marine Service, pp. 191-382 (1975). 

30. Sassa, C., Konishi, Y., and Mori, K., “Distribution of jack mackerel 
(Trachurus japonicus) larvae and juveniles in the ECS, with special ref-
erence to the larval transport by the Kuroshio Current,” Fisheries 
Oceanography, Vol. 15, No. 6, pp. 508-518 (2006). 

31. Sassa, C., Tsukamoto, Y., Nishiuchi K., and Konishi, Y., “Spawning 
ground and larval transport processes of jack mackerel Trachurus ja-

ponicus in the shelf-break region of the southern ECS,” Continental Shelf 
Research, Vol. 28, No. 18, pp. 2574-2583 (2008) 

32. Sassa, C., Yamamoto, K., Tsukamoto, Y., Konishi, Y., and Tokimura, M., 
“Distribution and migration of age-0 jack mackerel (Trachurus japonicus)  
in the East China and Yellow Seas, based on seasonal bottom trawl sur-
veys,” Fisheries Oceanography, Vol. 18, No. 4, pp. 255-267 (2009). 

33. Shiraishi, T., Tanaka, H., Ohshimo, S., Ishida, H., and Morinaga, N., “Age, 
growth and reproduction of two species of scad, Decapterus macrosoma 
and D. macarellus in the waters off southern Kyushu,” Japan Agricul-
tural Research Quarterly, Vol. 44, No. 2, pp. 197-206 (2010). 

34. Tanaka, H., Aoki, I., and Ohshimo, S., “Feeding habits and gill raker 
morphology of three planktivorous pelagic fish species off the coast of 
northern and western Kyushu in summer,” Journal of Fish Biology, Vol. 
68, No. 4, pp. 1041-1061 (2006). 

35. Taylor, C. C., “Cod growth and temperature,” Journal du Conseil, Vol. 23, 
No. 3, pp. 366-370 (1958). 

36. Williams, T. and Bedford, B. C., “The use of otoliths for age determina-
tion,” in: Bagenal, T. B. (Ed.), The Ageing of Fish, Unwin Brothers Ltd, 
Gresham Press, Old Woking, UK (1974). 

37. Wu, S. B., A Fundamental Study on the Reproductive Biology of the Jack 
Mackerel (Trachurus japonicus) in the Northeastern Waters off Taiwan, 
Master Dissertation, Department of Environmental Biology and Fisheries 
Science, National Taiwan Ocean University, Taiwan (2010). 

38. Xu, Z. L. and Chen, B. J., “Seasonal distribution of Calanus sinicus 
(Copepoda, Crustacea) in the ECS,” Acta Oceanologica Sinica, Vol. 26, 
No. 3, pp. 150-159 (2007). 

39. Yan, Y., Wu, Y., Lu, H., Li, Z., and Jin, X., “Using otolith weight to 
predict the age of Pennahia macrocephalus in the mouth of the Beibu 
Gulf,” Chinese Journal of Oceanology and Limnology, Vol. 27, No. 2, pp. 
342-349 (2009). 

40. Yang, T. R., ”Age and growth of jack mackerel,” China Fishery, Vol. 94, 
pp. 2-9 (1960). 

41. Yoda, M., Oshimo, S., and Hiyama, Y., “Estimation of the spawning 
ground of jack mackerel in the ECS based on the catch statistics and 
biometric data,” Bulletin of the Japanese Society of Fisheries Oceanog-
raphy, Vol. 68, No. 1, pp 20-26 (2004). 

42. Yoneda, M., “Effects of environmental condition on growth and repro-
duction of atlantic cod, Gadus morhua,” Bulletin of Fisheries Research 
Agency, Vol. 4, pp. 31-39 (2006). 

43. Zhang, Z., “Ultrastructure of otolith increments and checks in the teleost 
fish Orecochromis niloticus,” Journal of Morphology, Vol. 211, pp. 
213-220 (1992). 

 


	AGE AND GROWTH STUDY OF THE JACK MACKEREL (TRACHURUS JAPONICUS) IN THE NORTHEATERN WATERS OFF TAIWAN
	Recommended Citation

	AGE AND GROWTH STUDY OF THE JACK MACKEREL (TRACHURUS JAPONICUS) IN THE NORTHEATERN WATERS OFF TAIWAN
	Acknowledgements

	tmp.1627950329.pdf.YWMVG

